In this work, in order to find a method for the accurate determination of chemical oxygen demand (COD Cr , the relative prediction errors of COD Cr provided by the proposed method were acceptable, which revealed that the low concentration oxidant method is feasible and reliable for the determination of COD Cr in high chloride oilfield wastewater.
Introduction
Chemical oxygen demand (COD) is one of the most important indexes to assess the pollution of organic compounds in water systems [1] . In China, potassium dichromate (K 2 Cr 2 O 7 ) method is legalized by the Chinese government to determine COD Cr in water samples [2] [3] . In practical operation, the high level of chloridion (Cl − ) in water samples would cause serious interferences on COD Cr determination [4] [5] . Therefore, the Chinese national standard method Water Quality-Determination of Chemical Oxygen Demand-Dichromate Method (GB 11914-89) regulated that when the content of Cl − is less than 1000 mg·L −1 , mercuric sulfate (HgSO 4 ) can be added to eliminate the interferences of Cl − [6] .
For the samples with Cl − content more than 1000 mg·L −1 , they should be firstly diluted quantitatively so as to reduce their Cl − contents to less than 1000 mg·L −1 and then determine their COD Cr according to the Chinese national standard GB 11914-89. Research revealed that, the COD values of water samples with high Cl − concentration and low COD content were still large after diluting, although HgSO 4 was used to mask Cl − , and the relative errors of COD Cr increased with the increase of Cl − concentration. However, during the process of monitoring and analysis, the high chloride wastewaters are often encountered, such as chemical wastewater, marine products processing wastewater, rare-earth mineral refining wastewater, oil produced wastewater. For example, Chen et al. [7] reported that the mass concentration of Cl − in wastewater of an oilfield was more than 120000 mg·L −1 , whose COD content was low, and the COD values would become smaller after treatment. But the local environmental protection department used the Chinese national standard GB 11914-89 to monitor its COD concentration with results fluctuating significantly and gave the actual measured COD Cr values ranging from several hundreds to 2500 mg·L −1 , which greatly exceeded the national requirements of wastewater discharge (COD < 100 mg•L −1 ) [8] . This dilemma brings huge troubles to the wastewater disposal departments, local environmental monitoring and law enforcement departments as well as the water quality analysis workers. Therefore, how to eliminate the interferences of Cl − on the COD Cr determination has become a research hot for environmental monitoring workers [9] . At present, there are many methods for reducing the interferences of Cl − , such as chlorine correction method, low concentration oxidant method, silver salt precipitation method, sealed digestion method, mercury salt method and no external heating method [10] [11] [12] [13] [14] , which have not yet been unified. However, in the practical operations of the environmental monitoring department, the national or industrial standards recommended by the Chinese Ministry of Environmental Protection are still used as the reference method. Among them, potassium dichromate method (GB 11914-89, abbreviated as the classical method) [6] is the mandatory national standard, whereas fast digestion-spectrophotometric method (HJ/T 399-2007) [15] , chlorine correction method (HJ/T 70-2001) [16] and potassium iodide-alkaline potassium permanganate determination method (HJ/T 132-2003) [17] are the standards released by the National Open Journal of Yangtze Gas and Oil
Environmental Protection Department, which are the supplements to the national standard, and whose legal status are naturally lower than that of the classical method (GB 11914-89) [6] . Consequently, during the supervision of law enforcement, the COD determination of samples with high requirements such as discharge sample, assessment sample, arbitration analysis sample is preferred by the classical method (GB 11914-89).
Considering the current research situation mentioned above, the aim of the work is to develop a method that can meet the national standard, and can accu- Table 2 . As can be seen from 
Experimental Methods
In addition, the resulting AgCl precipitate can be further oxidized by K 2 Cr 2 O 7 , which also consumes some oxidants. Moreover, the white precipitate makes the Cr O 14H 6Cl 2Cr 7H O 3Cl
In Equation (3), the electrode reaction of electron pair 
Similarly, the electrode potential of electron pair Cl 2 /Cl − can be calculated as: 
In the determination of COD Cr , the conditional electrode potential of oxidant ). And the higher the oxidation potential is, the easier the Cl − will be oxidized, and consequently the greater the error introduced is. As can be known from Equation (6), the concentration of
Cr O − and Cr 3+ is one of the main factors that affect the electrode potential. Under certain conditions of COD Cr determination, the higher the oxidant concentration is, the more residual amount of oxidant will be after the reaction, which makes the ratio of Cr O Cr − + larger, and results in a higher oxidation potential. Theoretically speaking, the proper reduction of the oxidant concentration is helpful to reduce the oxidation potential of K 2 Cr 2 O 7 and thus reduce the interferences of Cl − on COD Cr determination. Figure 1 . wastewater. Therefore, the proper reduction of oxidant concentration is helpful to reduce the oxidation rate of Cl − and improve the accuracy of COD Cr determination, which is highly consistent with our theoretical analysis in Section 3.2.1. Table 3 . Table 4 .
Effect of Oxidant Concentration on the Oxidation of Cl

Effect of Oxidant Concentration on the Oxidation of Organic Compounds
As can be seen from *The values in bracket are the relative errors and the same meanings in Table 5 and Table 6 . Table 5 . Table 5 . Determination results of high chlorine and low COD simulated oilfield wastewater using different concentrations of oxidants. Table 6 . As can be seen from Table 7 . is simple and feasible, and thus it is suitable for the analysis of water samples in large numbers, which proved to be a very effective method for the determination of COD Cr in high chloride oilfield wastewater.
Determination of CODCr in High Chlorine
4) It was found that low concentration oxidant method has higher requirements on experimental conditions and operator levels due to the use of low concentration of oxidant for the determination of COD Cr in high chloride oilfield wastewater. Therefore, during the process of testing, skilled operators and strict operations are crucial for the success of experiments.
